
Electronic Supplementary Information for: Short range ballistic motion in fluid lipid bilayers 
studied by quasi-elastic neutron scattering 

C.L. Armstronga, M. Trappb,c, J. Petersd,e,f, T. Seydelf and M.C. Rheinstädtera,g 

a
Department of Physics and Astronomy, McMaster University, Hamilton, ON, Canada 

b
Angewandte Physikalische Chemie, Universität Heidelberg, Im Neuenheimer Feld 253, 69120 Heidelberg, Germany. 
c
Helmholtz-Zentrum Berlin für Materialien und Energie, Lise-Meitner Campus, Hahn-Meitner-Platz 1, 14109 Berlin, 

Germany. 
d
Université Joseph Fourier, F-38041 Grenoble Cedex 9, France. 

e
Institut de Biologie Structurale, J.-P. Ebel, UMR 5075, CNRS-CEA-UJF, 41 rue Jules Horowitz, 38027 Grenoble Cedex 

1, Grenoble, France. 
f
Institut Laue-Langevin, 6 rue Jules Horowitz, B.P. 156, 38042 Grenoble, Cedex 9, France. 

g
The Canadian Neutron Beam Centre, Chalk River Laboratories, Chalk River, ON, Canada 

 

1. Potential continuous diffusion at high Q-values 

In a first attempt, all Q-values were fit using the continuous diffusion model assuming Lorentzian 
shaped quasi-elastic broadening only. The fitting procedure is described in detail in the main paper. The 
fitted FWHM for all Q values are shown in Figure ESI-1. 

This model provides a good fit for Q-values 
smaller than 2.65 Å-1. A typical fit is shown in Figure 
2b) of the main paper for a Q value of 0.52 Å-1. 
When plotted as function of Q2, the data points for 
Q values smaller than 2.65 Å-1 follow a linear trend, 
as predicted for continuous diffusion (see Equation 
6). The FWHM decreases and starts to deviate from 
the Q2 curve for Q-values larger than 2.65 Å-1 
(corresponding to a length scale of 2.37 Å). As the 
signal intensity decreases with increasing Q, the 
uncertainties in the high Q fits become larger, as 
can be seen by the error bars in Figure ESI-1. The 
fitted values for the FWHM are consistently smaller 
than for the low Q and scatter around a value of 25 
μeV. 

From this, two conclusions can be drawn. Firstly, 
the character of the motion changes at Q=2.65 Å-1 
and the FWHM no longer follow the Q2 behaviour 
predicted by the continuous diffusion model. 
Secondly, the high Q data in Figure ESI-1 do not fall on a straight line. A second, continuous diffusion 
regime corresponding to the high Q data, within the dynamic window of IN13, can be excluded. Given 
the values of the FWHM for the high Q values in Figure ESI-1, the observed motion at high Q values is 
significantly slower than the continuous diffusion at small Q values.  

 

Figure ESI-1: FWHM of Lorentzian functions used 
to fit all of the Q values.  There is a distinct change 
in character of the motion occurring at ~2.37Å
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2. Ballistic diffusion at small distances 

Because the continuous diffusion model did not provide a satisfying description of the high Q data, a 
ballistic diffusion model, according to Equation 10, was taken into consideration. Q values higher than 
2.65 Å-1 were fit assuming Gaussian quasi-elastic broadening. The FWHM, as determined from the fits, 
are shown in Figure 4 in the main paper. 

The ballistic model provides good quality fits with lower uncertainties as compared to the 
continuous diffusion model as will be discussed in the next section. The FWHM of the peaks are 
significantly smaller for high Q, as compared to the trend from the low Q values. We note that the 
observation of a critical Q-value of 2.65 Å-1 is robust and independent of the applied model. In addition, 
the fitted FWHM show a linear Q dependence, as predicted by the ballistic diffusion model.  Because the 
data at Q=2.65 Å-1 is right at the transition between the two regimes, it was found to not follow the 
trend of either model; however it was better fit with a Gaussian function. 

 

3. Quantitative comparison between the two models 

In order to quantitatively compare the continuous and ballistic diffusion model the quality of the fits 
of the high Q data, using Gaussian and Lorentzian peak shapes, must be compared. 

Table ESI-1 lists the uncertainties in the determination of the FWHM and χ2 values for the Gaussian 
and Lorentzian fits. Due to the intrinsically large uncertainty in the data, both models can be used to fit 
the data. However, the Gaussian model provides mostly smaller values for the uncertainty and χ2.  

 

 

 

 

 

 

 

 

 

 

 

 

Q 
χ

2 of 
Gaussian fit 

Gaussian FWHM 
uncertainty (μeV) 

χ
2 of 

Lorentzian fit 
Lorentzian FWHM 
uncertainty (μeV) 

2.6455 0.99726 10.19 1.0370 19.79 

2.8278 1.1984 3.62 1.2618 8.31 

3.0062 0.96619 7.20 0.97619 36.78 

3.2627 1.3364 8.84 1.2795 16.25 

3.4305 1.3750 20.19 1.3309 14.88 

3.5935 1.0343 5.68 1.1496 14.08 

3.9329 1.1858 14.51 1.1890 14.45 

Table ESI-1:  χ
2
 values and uncertainties (corresponding to a 95% confidence interval) in 

the FWHM as determined from the Gaussian and Lorentzian fits. 
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Fits of two exemplary Q values are shown in Figure ESI-2. By visual inspection the Gaussian peak 
seems to better describe the shape of the quasi-elastic broadening at energy transfers of 10-40 μeV as 
the Lorentzian peak shape is narrower in the centre and falls of more quickly thereby missing the data 
points which the Gaussian is able to accommodate. 

In summary, the dynamics at high-Q values can be fit using both a Gaussian and Lorentzian quasi-elastic 
broadening. In both models the fitted FWHM starts to deviate from the low-Q trend towards 
significantly smaller FWHM values beyond a critical Q-value of 2.65 Å-1. Within the uncertainties of this 
experiment, the Gaussian fits were found to provide a better description of the high-Q data. The 
uncertainties in the fits are mostly smaller with the Gaussian function and the data show a linear Q-
behaviour.  

The fitted values of the FWHM scatter around 25 eV when using the Lorentzian fits without a clear 
trend, such as a Q2 behaviour. We, therefore, conclude that the ballistic motion is the appropriate model 
to describe the high Q data within the uncertainty of this experiment. 

 

Figure ESI-2: Comparison of the Gaussian and Lorentzian function fits at a) Q = 2.83 Å
-1

 and b) Q = 3.59 Å
-1

.  The red 
curve is the Gaussian function and the total Gaussian fit, with the resolution included, is the green curve.  The 
yellow curve is the Lorentzian function, with the total Lorentzian fit shown in blue. 
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